Calcitonin mRNA and calcitonin gene-related peptide (CGRP) mRNA both are generated from the calcitonin gene because of tissuespecific alternative splicing of the primary transcript. It is currently established that, of the two mature transcripts, calcitonin mRNA is far the predominant transcript produced in thyroid C-cells whereas only CGRP mRNA is produced in the nervous system. However, here we provide evidence that the two splicing forms of the chick calcitonin primary transcript are found within the developing central nervous system, although displaying specific patterns of expression. While CGRP mRNA is first expressed in motor neurons at rather advanced stages of embryogenesis, calcitonin mRNA is expressed in the floor plate and dorsal rhombencephalon from earliest stages.
To date it has been thought that the calcitonin (CT) gene results in the production of CT and minimal amounts of CGRP in ultimobranchial C-cells, and only CGRP in the nervous system (Amara et al., 1982; Rosenfeld et al., 1983 Rosenfeld et al., , 1992 . However, the present study shows that high amounts of CT mRNA are produced by particular cell populations of the central nervous system during early chick development.
Using oligonucleotides complementary to the base sequences of the chick CT and CGRP mRNAs (Minvielle et al., 1987) , a strong signal for CT mRNA was detected for the first time at stage 15 in the rhombencephalon. It was initially seen in the dorsal half of lateral walls in its rostral region and in the dorsal third in its caudal region, and later, at more advanced stages, the signal was restricted to the dorsalmost aspects of the lateral walls and the floor plate (Fig. 1) . CT mRNA was expressed in dorsalmost aspects of rhombencephalon until stage 29, but remained longer, until the last stages of embryonic development, in the floor plate.
Although detectable from stage 14, high levels of CT mRNA were not seen in the floor plate until stage 17. No gradient in CT mRNA expression was apparently detected. All sections examined, from the rostral rhombencephalon to the most caudal part of the spinal cord, displayed high levels of expression in the floor plate. No expression was seen rostrally to the rhombencephalon, i.e. in the mesencephalic or diencephalic floor plates (Fig. 1G,H) .
Before stage 24 the whole transverse plane of the floor plate displayed high levels of CT mRNA ( Fig. 2A) . However, from this stage on, two types of cell populations expressing very different levels of CT could be observed lengthwise in the transverse plane of the floor plate: a central midline population of two to four cells wide, which displayed very low expression at early and no expression at more advanced stages, and two adjacent populations of 6 ± 1 cells each, which maintained high levels of CT mRNA expression (Fig. 2B,E,F) . The latter situation remained stable until signal disappearance from stage 35 in the rhombencephalon and from stage 42 (16 days of incubation) in the spinal cord.
Outside the central nervous system, the developing otic primordium also displayed high levels of CT mRNA from stage 15 onwards. Most epithelial cells expressed CT mRNA, but the ventromedial epithelium of the otic cup or the epithelial lips connecting the otic vesicle to the surface ectoderm were devoid of CT mRNA (Fig. 1I,J) . From stage 30 through 40, in which the otic primordium develops in the inner ear, CT mRNA expression was still observed in the epithelial walls of the endolymphatic ducts (Fig. 2E ). Other extraneural sites displaying high levels of CT mRNA were the ultimobranchial glands (from stage 36), in which the CT-expressing C-cells are located, and moderate levels the thymus (from stage 31) and the lung (from stage 32). A transient expression was detected in the mesonephric duct on stage 25.
The specificity of the hybridization signal was confirmed by melting temperature of the hybrids, co-hybridization experiments using a 100-fold excess of the corresponding unlabelled probe in the hybridization buffer, Northern blotting, and immunohistochemistry. In the Northern blotting, the probe specific for CT detected a single band of approximately 1.0 kb in the mRNA obtained from 4-day and 8-day embryos, and the probe specific for CGRP detected a single band of approximately 1.8 kb in the lanes loaded with mRNA from 8-day embryos (results not shown). The immunohistochemical analysis, performed in embryos at the third and seventh day of incubation, revealed the presence of CTimmunoreactivity in the floor plate (Fig. 2C,D) .
In contrast to the early expression of CT mRNA, specific CGRP mRNA expression was not evident until stage 31 (7 days of incubation). At this stage, both motor neurons and, outside the neural tube, sensory ganglion cells started to express low levels of CGRP mRNA. The hybridization signal increased in these cells at later stages (Fig. 2G,H) . Extraneural sites displaying very low levels of CGRP mRNA expression were the ultimobranchial glands, the thymus and, transiently from stage 32 to 36, the lung (see Fig.  2G ). A surprising finding was the observation of a signal for CGRP mRNA in some individual muscles located in the lateral walls of the trunk after long exposure times. The finding was confirmed by hybridization with the probe common to both CT and CGRP transcripts, whereas the probe specific for CT mRNA did not hybridize (results not shown).
In conclusion, this study reveals that three neural cell populations express abundantly one of the two mature transcripts of the chick CT/CGRP gene during early central nervous system development: the floor plate and dorsal aspects of the rhombencephalon, which process the primary transcript as CT mRNA, and the motor neurons, whose splicing product is CGRP mRNA. Outside the neural tube, other major sites expressing the two mature transcripts are sensory ganglia, which process the primary transcript as Fig. 1 . Expression of CT mRNA in the rhombencephalon. Bright-field photomicrographs of film autoradiograms (A-C,G,I) and their corresponding Giemsa-stained bright-field photomicrographs (D-F,H,J) of chick embryos at stage 15 (A-F) and 20 (G-J). At earliest stages, abundant CT mRNA expression can be seen in the dorsal aspects of the lateral walls of the rhombencephalon (rh). At stage 20, CT mRNA is only expressed in just the most dorsal aspects of the lateral walls (asterisks) and floor plate (arrowhead) in both rostral (G,H) and caudal (I,J) rhombencephalon (rh). The diencephalic floor plate (small arrows in G,H) is devoid of signal for CT mRNA. The otic primordium (large arrow in I,J) is also expressing large amounts of CT mRNA. di, diencephalon; g, trigeminal ganglion; m, mesencephalon; n, notochord; op, optic vesicle; p, Rathke's pouch; ph, pharynx.
CGRP mRNA, and the otic primordium, whose primary transcript is processed to CT mRNA.
Methods
Fertilized chicken eggs obtained from local suppliers were incubated at 38°C in a humidified incubator. Embryos were collected in cold PBS, staged according to Hamburger and Hamilton (1951) , placed in cold fixative (4% paraformaldehyde in PBS) for 24 h, washed in PBS and subsequently cryoprotected in 10% sucrose for 24-48 h (depending on the size), frozen in isopentane at −40°C and stored at −80°C until use. Younger embryos were fixed, washed in PBS, dehydrated and embedded in paraffin. In situ hybridization histochemistry was performed using three oligodeoxyribonucleotides complementary to the published base sequences of the CT/CGRP mRNAs (Minvielle et al., 1987) were used. The oligomer L13ex2 (40mer) was complementary to the 13-52 bases of exon 2 (first expressed exon, common to CT and CGRP mRNAs). The oligomer L127ex4 (45mer) was complementary to the base sequence encoding the 127-171 bases of exon 4 (specific for CT mRNA). The oligomer L130ex5 (40mer) was com- Fig. 2 . Expression of CT mRNA (A-B and E-F) and CT-immunoreactivity (C-D) in the floor plate and CGRP mRNA (G-H) in neural tissues. A, B, E and F show dark-field photomicrographs of embryos at stage 17 (A), 26 (B), and 33 (E-F; 8 days of incubation). In B the neural tube has been sectioned twice at the level of the caudal part of the embryo. The signal for CT mRNA evolves from a uniform, single labelling through the transverse plane of the floor plate (arrowhead) at the earlier stages (A, C) to a double labelling at the older stages (B,D,E-F) . In E and F the signal specific for CT mRNA is only observed in the floor plate (arrowheads) and inner ears (arrows). The other apparent signals are artefacts as viewed in dark-field illumination. G and H show the expression of CGRP mRNA in motor neurons (m) and in the more medial aspect of the dorsal root ganglia (small arrows) of an embryo at stage 35. A faint signal is also observed in those less-developed, dorsally-located alveoli of the lung (l). g, dorsal root ganglion; n, notochord; s, somite.
plementary to the 130-169 bases of exon 5 (specific for CGRP mRNA). The labelling of probes, treatment of tissue sections and hybridization procedures have been previously described in detail (Terrado et al., 1997) . Northern blotting of poly(A) + RNA isolated from whole 4-day chick embryos (stages 22-24) and from 8-day embryos (stages 33-34) with removed eyes, limbs and viscera was performed as previously described (Sarasa et al., 1996) . For immunohistochemistry, chick embryos were fixed overnight by immersion in ethanol/acetic acid (6:1; v/v). After cryoprotection in 15% sucrose at 4°C for 8 h, the embryos were immersed in 15% sucrose/7.5% gelatine in PBS at 37°C for 3 h. Then, they were placed in the same solution at 4°C until hardening, and rapidly frozen by immersion in isopentane at −40°C. Twenty-mm cryostat sections were sequentially incubated with polyclonal rabbit anti-eel CT antibody (Peninsula Laboratories) diluted 1/ 3000 in PBS containing 0.5% Triton X-100 for 48 h at 4°C, goat anti-rabbit IgG antibody diluted (1/200) in PBSTriton X-100 for 1 h at room temperature, avidin-biotinhorseradish peroxidase complex (ABC kit, Vector Laboratories) diluted (1/200) in PBS-Triton X-100, and 3,3′-diaminobenzidine (50 mg in 100 ml of PB) containing 0.05% hydrogen peroxide. Immunostained sections were dehydrated and coverslipped with DPX (Difco).
